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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO, 458

WIND-TUNNEL RESEARCH COMPARING LATERAL CONTROL
DEVICES, PARTICULARLY AT HIGH ANGLES OF ATTACK
XI. VARIOUS FLOATING TIP AILERONS ON BOTH RECTANGULAR
AND TAPERED WINGS

By Fred E, Welck and Thomas A, Harris

SUMMARY -

This report covers the eleventh of a2 series of sys-
tematlc tests being conducted by the National Advisory
Committee for Asrongutics to compare different lateral
control devices with particular reference to their effec-
tiveness at high angles of attack, The present tests were
made with six different forms of floating tlp aillerons of
symmetrical section, One form had a Felatively narrow
chord, 40 per cent that of the wing, &id was tested in
four different fore—-and-aft locations on the tips of a
rectangular wing. Three of the forms were multiple float-—
lng tip allerons having three, four, and five narrow aile-
rons each, located one behind the other at the wing tips,
The other two forms were included in the plan forms of
wings with two different degrees of taper, 5:3 and 5:1.
The tests showed the. effect of the various ailerons on the
general performance characteristics of the wing, and on
the lateral controllability and stability characteristics.
In addition, the hinge moments were measured for the most
interesting cases. The resulis are compared with those
for a rectangular wing with ordinary ailerons and also ~
with those for a rectangular wing having full-chord float-
ing tip ailerons,

Practically all the floating tip ailerons gave rea-
sonably satisfactory rolling moments at all angles of at-
tack and at the same time gave no adverse yawing moments
of appreciable magnitude. The general performancé ‘harac-
teristlcs with the floating tip aillerons, however, were
relatively poor, especially tke rate of ¢limb. None of
the floating tip ailerons entirely eliminated the autoro-
tational moments at angles of attack above the stall but



2 ¥.A.C.A., Technical Note No. 458

all of them gave lowser moments than 2 plain wing, Some of
the floating ailerons fluttered if given sufficiently
large deflection, but this could have beeh eliminated by
moving the hinge axis of the ailerons forward, Conslder-
ing all points including hinge moments, the floating tip
allerons on the wing with 5:1 taper are probadly the hest
of those which were tested,

INTRODUCTION

A series of systematic wind-tunnel investigations,
one of which is covered by this report, is being made by
the Naetional Advisory Committee for Aeronautics in order
to compare varlious lateral control devices, These devices
are given the same routine tests to show their relative
merits in regard to lateral controllability and theilr ef-
fect on the lateral stability and on alrplane performance.
They are being tested first on resctangular Clark Y wings
of aspect ratio 6, followed by wings with differsent plan
forms, wings with high 1lift devices, and alsc wings with
such variations as washout and sweepback, which affect
lateral stability. The first report of this series (ref-
erence 1, Part I) deals with three sizes of ordinary aile-
rong, one of which is a medium~slzed aileron taken from
the average of a number of conventional airplanes and used
ag the standard of comparison throughout the entire invesa-~
tigation, Other work that has besen done in this series is
reported in reference 1, Parts Il to X,

Under reference 1, Part IV, a preliminary linvestiga-
tion is reported of full-chord floating tip ailerons on
rectangular wings., Floating-tip allerons having differ-
ant alrfoll sections were tested with different hinge-
axis locations, with trailing-~cedge flaps on the ailerons,
and with end plates between the wing and ailerocns. ¥With
the best arrangements, satlsfactory lateral control at the
hlgh angles of attack was obtained and the maximum autoro-—
tational moments were lower than thosse for a plain wing,
but the maximum 1ift coefficients were. Low and the per-
formance characteristics in c¢limbd were poor,

The present report is on a continuation of the float-
ing tip alileron investigation, involving teste of both
single and multiple floating tip allerons of reduced chord
on rectangular wings and also of floating tip ailesrons
which were included in the plan forms of two tapered wings,
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one having a medium degree of taper, 5:3, and one having
an extreme degred of taper, 5:1l, Some of these arraﬁEET*
mente, it was believed, might improve the maximum IIf% co-
efficients and the performance in climdb over those ob-
tained with the full-chord floating tip ailerons on rec—~ "
tangular wings. In addition, from %8 results of tests
reported in reference 2, it seemned possibdble that the mul-
tiple tip ailerons might give improved damping in roll at
angles of attack above the stall.

APPARATUS

¥ind tunnel.- All the present tests were made in thae
¥.A.C.A, 7 Dy 10 foot open~jet wind tunnel. In this tun-
nel the wmodel is supported in such a manier that the
forces and moments at the guarter-chord volnt of the mid
section of the model are measured directly In coofficioant
form, For auntorotation tests, the standard force-test
tripod is replaced by & spécial mounting that permits the
model %o rotate about the longitudinal wind axis passing
through the midspan guarter-chord point.  This apparatus
is mounted on the balance, and the rolling—moment cosffi-
clent can be read directly during the forced-rotation
tests, A complete dsscription of the above equipment is'
given in reference 3.

Models.~ The dimensions of the various floating tip
ailerons ars given in Figures 1 to 6, All the allerons
were designed to give approximately the sajfie rolling éox-
trol at 10° angle of attack as the ordinary aflérons oa ~
the standard wing., In esach case the over-all span of the
model was 60 inches, the main wing nad the Clark Y airfoil
section, and the ailerons had the symmetricai ¥.A.C.A, 0010
sectlion, Except in the cases of the multipls tip aileroans
with three and four sections, thne aspect ratio, including
the area of the ailerons, was in esach case 6, All the adi-~
lerons were hinged about an axis 18 rer cent of their chord
back of the leading edge, a position which was thoueght, on
the basis of the tests on the full-ckord flo&ting tip ai-
lerons of Part IV, would probadly dbe the most satisfacto-~
ry. In the present tests some of the tip ailerons flut-
tered when given sufficlerntly high deflections., The pre-
vious tests on floating tip ailerons show, howevaer, that
flutter may be avoided by locating the aileron axis slight-
1y farther forward, All the single ailerons were eguipped .
with trailing~cdge flaps covering 20 per cent of the cHord
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which could be set to control the floating angle, The
right and left ailerons were rlgldly connected by meoans
of & shaft through the wing model., The tapered wings re-
quired two shafits having angles with respect %o each oth-
er and connected at the center by means of two unlversal
Joints., In =ull cases the shaft was supported as freely
ags possible in plain bearings in the wing.

The four axis positions of the single narrow-chord
allerons are shown in Figure l. In one position the lead-
ing edge of the allsron was even with that of the wing,
in another the ftralling edges were sven; the other two
positions were intermediate, With the multiple tip alle-
rons (figs., 2, 3, and 4) the leading edge of the forward
section was in each case even with the leading edge of the
wing and the trailing edge of the rear sectlon was even
with the trailing sdge of the wing. HNo flaps were used
on these ailerons because they were constructed after the
results of the tests on the single narrow-chord aflerons
had indicated that the flaps would not be necessary. The
various sections of each multiple tip aileron were con-
nected by a linkage system which kept taem parallel to
sach other at all angles of deflection. This linkage
system had considerably more friction than the shaft sup-
porting the single ailerons,

The main wing portion of each model was constructed
of laminated mahogany within *0,005 inch of the specifled
dimensions, The ailerons were statically balanced aboutb
their hinge axes, the rear portion being made cof white
pine and the front portiom brass. The accuracy of theilr
construction was slightly less thaen that of the maln wing,

TESTS AND RESULTS - - e

The tests were conducted in accordance with the stand-
ard procedurs, and at the dynamic pressure and Reynolds
Number enployed throughout the entire series of investi-
gations on lateral control. (Reference l.) The dynamic
pressure was 16,37 pounds per square foot, corresponding
to an alr speed of 80 miles per hour at standard denslty,
and the Reynolds Number was 609,000, based on the aver-
age chordy — ~

The regular force tests were made at & sufficient num-
ber of angles of attack to determine the maximum 1lift co-
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efficient, the minimum drag coefficient, and the drag co-
efficient at €y = 0,70, which is used to give a rate-
0f~clinmdb criterion, Free-auforotation tests were made to
determine the angle of attack above which autorotation

wes self~starting with all coatrols neutrsl, Forced-rota—
tion tests weroe also made in which the rolling moment
while rolling was measured at the rotational velocity cor-

'
responding to %—f = 04,05, where ©p! is the rate of ro-

tatlon about the wind axis, b i1is the span, and TV 4is
the air velocity. The value 0,05 represents the highest
rate likely to be obtained in gusty air. The forced-
rotation tests were nade at angles of yaw of bothr O° and
~-20°

Preliminary tests to find the best flap settingg.-~ In-
asmuch as in the tests of the full-chord floating tip ai-
lerons of Part IV the highesgt values of the speed-range
ratio Onmax/Cpmin Were obtained with aileron flaps set

up 2°, flaps were provided for the present ailerons alse,
the multiple tip ailerons excepted., With each of the
wings having esingle allerons, tests were made 1In which the
ailerons were set neutral (both allerons at the same anZls)
end allowed to float with the flaps deflected various a-
mounts, The deflections giving the highest values of the
ratio OCOrmax/Opmin Were 0° with the narrow-chord ailerons,

0,5° on the wing with 5:3 taper, and 0° on the wing with
5:1 taper. These results indicate that 0° is probably the
best setting and that the 0.5° setting on the wing with
5:3 taper probably corrects for a slight dissymmetry of
the ailerons. The remainder of the tests were all made
with the flaps set at the above angles,

Tests to determine suitable maximum gileron deflesc—
tion.~ Tests were made on all the ailerons at an angle of
attack of 10° with the ailerons deflected various amounts
to determine the deflection necessary to give the same
control at this angle of attack as the standard conven-
tional ailerons. Thig amount of control has been aseufsd
as a satisfactory value when given in terms of the lateral
control criterion RO, which is explained later in this
report. Had sufficiently accurate date been &avzilable upon
which to base the design of the floating tip allerons, the
assumed satisfactory rolling moments would have been just
below the maximum moments given by ties asilerons with any
deflection, With soms of these ailerons, however, sub-—
stantlally greater moments could be obtained with higher
deflections and the tests were extended to determine the
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meximum rolling moment which could be obtained with any
deflection. In some cases thg maximum usable deflection
wasg limited by the fact that the ailorons fluttered when
the deflection was increassd deyond a cortgin point, The
guestion of this flutter and its relation to the test rew
sultes 1s didcussed mbdbre fully in the next section,

The first tests were made with the single narrow-
chord ailsrons at each of the four longitudinal locations
and the results are given in PFligure 7. The aileron de-
flections necessary to produce the assumed satisfactorg
control moment at the 10° angle of attack were +y° (186
difference between allerons), *£8°, *9°, and +9,5° for the
Tour locations taken respectively from front to rear., 1In
the forward location these allerons fluttered when given
a deflection greater than #12%, but no flutter occurred
wlth any of the deflections tried at any of the other
three locations, : oo T - : - T

The results of the tests of the multiple tip silerons
are shown in Figure 8, Neither the HS~section ailerons nor
the 3-section aillerons gave entirely satisfactory values
at the 10° angle of attack., The maximum deflections chosen
were *+24° for the 5-section ailerons and *21° for the 3-
section ailerons, With the 4-section ailerons the rolling
moment continued to increase with deflection up to *30°,
which gave satisfactory control and was chosen as the max-
imunm,

The results for the floating tip allerons on both
tapered wings at an angle of attack of 10° are given in
FPigure 9. The deflections required for the assumed satis~
factory control were #15° for the ailerons on the wings
with 5:3 taeper and 110,.75° for the ailerons on the wing with
b:l taper. These allerons fluttered when deflected above
+16C0 on the wing with 5:3 taper and #14° on the wing with
5:1 taper. If the allerons had not fluttered it would
have been possidble to obtain slightly greater rolling mo-
ments but it is not believed that the increase would have
been greater than 5 or 10 per cent.

The deflections that gave the assumed satisfactory
rolling moment at the 10° sngle of attack are assumed as
the maximum deflection giving the best comparison between
these ailerons and ailerons of other forms. Inasmuck as
the final complete tests showed that with these deflec~
tions the fleoating tip ailerons would not give satlsfsac-
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tory moments at the higher angles of attack, the results
are also compared for the deflections giving the maximum
rolling moments,’ which in some cases were the maximum de-
flections thliat could be used without flutter,

Alleron flubter.~ The single narrow-chord ailerons at
the forward location and the ailerons on both tapsred
wings fluttered at all angles of attack with zero yaw if
given sufficient deflection, and they also fluttered with
smaller deflections if yawed sufficienfly. This condi-
tlion of flutter need not glve rise to serious difficulty,
however, for, according to the tests on the full-chord
floating tip ailerons of Part IV, the flutter can be elin-
inated by moving the axis ahead slightly. Inasmich as the
test results would not be greatly different if the axes
were moved farther ahead, it was not thought necessary to
repeat the tests with the more favorable locations, The
hinge moments would, of course, be slightly higher., The
effect of yaw on flutter is illustrated by the following
case: The ailerons on the wing with 5:3 taper would not
flutter at any angle of yaw with deflections of less than
+11°, but with a deflection of *12° flutter occurred at
angles of attack from 16.5° to 22° with 9° of yaw or more,
and with a deflection of *16° flutter occurred at angles
of attack from 14.5° to 22° with 59 of yaw or more.

Final tests. Force tests at both 0° anad —20° yaw were

deflected various amounts, at each of the four axis loca-
tions, The results of these tests are given in Tables I
and II a8 absolute coefficiente of 1ift andi drag and of
rolling and yowing moments:

— 11ft
Crt, q_._——S

_ drag N -=
Cp = 7§
Cyt= rolling momeant

g b S B .-

- yawing moment e =
Un - q -b S -

where § is the total wing area, includlng the areh of
the ailerons, b 1is the over-all span, and g 1is the dy-
namic pressure, The coefficients as given above are ob-
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tained directly from the balance and refor to the wind (or
tunnel) axes. In special cases in the discussion whsere
the moments ars used with refoerence to tho body axes the
coefficients are not primed, Thus, the symbols for theo
rolling and yawing momeunt coofficients about tho body axes
areo, respectlively, 01 =and Cne.

The rolling and yawing moments at O° yaw with ailerons
deflected are the moments dus to ailerons alons, At 20°
yaw witn the ailerons neutral the moments as tabulated are
due to yaw alone, but those with the ailerons deflected
have been corrected so that they represent only the effect
of the ailerons, The floatlng angles of the right sile-
rons with respect to the chord of the model, designated
Spp, are also included 1in these tables.

Rotation tests at both 0° and 20° yaw were made with
the ailerons floating neutral at esach axls locatlion., The
firgt of these werse frees—autorotation tests at o° yvaw to
find the angle of attack below which it would not rotate.
Next forced-rotation tests were madse at both 0° and 20°
vew in which the rolling moment while rolling was measured

1
at the rotationsl spswd correspondiang to g 3 = 0,05, the
highest rate likely to be caused by gusty air. The results
are given in Tabdle III in terms of a coefficlent represent-
ing the rolling moment due to rolling, or if yewed due to
rolling and yaw,

where A is the rolling moment measured while the wing is
rolling and the other facisre have the usual significance.

Similar results are given for the wings with multiple
tip allerone and tapered allerons in Tables IV to XII.

Hinge~momsent tests were made for the single narrow-
chord ailerons at the forward location, for the aillerons
on both tapered wings, and for the full-chord ailerons of
Part IV with the 156 per cent and 20 per cent axls loca-
tions, The results of all these tests are glven in Table
X111,

Accuracy.~ The accuracy of the results gliven in this
report is the same as that obtained in Part I, (Refer-
ence l.) It is coneidered satisfactory at all angles of
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attack except in the burbled rsgion between 20° ana 25°,

In this region the rolling and yawing moments are relative-
ly unreliable owing to the critical end often unsymmet-
rical condition of the burbled air flow around the wing,

On some occasions two values were measured at the same
angle of attack, in which case both are recordsd in the -
tableS.

DISCUSSION IN TERMS OF CRITERIONS

For a comparison of the different alleron effects,
the results of the tests are discussed in terms of crite-
rions which are explained in detail in reference 1 and
briefly in the following paragraphs. By use of these cri-
terions a comparison of the effect of the different sile-
rons on the general performance, the lateral coantrolliabil-
ity, and the lateral stability may be eesily made. The
results of the above tests in terms of the criterions are
given in Table XIV. The criterions for the following al-
leron arrangemsents are included in the table for compari-
son: the wing with the 25 per cenit chord by 40 per cent
semispan ordinary ailerons, which is used as the standard;
one of the best full~chord floating tip ailerons on a2 rec-
tangular wing from Part IV, this aileron having a symmet-—
rical section with the azleron flaps up 2° and a maximum
aileron deflection of *20°

General Performance

(Controls Neutral)

Ving area reguired for desired landing speed.~ The
eriterion OCpp.x 1is uged to indicate the wing area re-

quired for a given landing speed, or conversely, for the
minimum landing speed obtainable with a given wing area.
The coefficient a8 used hereln is based on the entire wing
area, including the ailerons. The use of this area in
calculating the coefficients was considered a fair basis
for comparing floating tip ailerons with ordinary ailerons
as the floating ailerons represent additlional structursal
welght and span.

. A_comparison of the maXximum lift coefficient obtaimed
with the wvarious floating tip aillerons with the maximum
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1ift coeffilcient obtained with ordinary allerons on the
standard wing shows that the valune is less in every case
with the floating allerons. The greatest reduction, about
22 per cent, occurred with the single narvow-chord aile-
ron in any of the fore-and.aft locations., With the multi-
ple tip allerons having five scections, the reductlon was
18 per cent, with four sections 16 por cent, and with
three sections 12 por cent. The roectangular wing with
full~chord floating tip ailerons and tho wing with 5:3
taper also showed a reduction of about 12 per cent, but
with the wing having 65:1 taper the reductioa was only 7
per cent, which was about 4 per cent higher than the max-
imam 1ift with the full~-chord tip ailerons,

Speed range.- The ratio OLmax/Cpmin 18 taken as &

criterion for speed range, The value of this ratio for
the wings with the single narrow-chord ailerons, the wing
with 5:3 taper, and the wings with multiple tip aileroans
was about 20 to 25 per cent lower than the standard wing
end about 5 to 15 per cent lower than the wing with the
full-chord floating tip allerons. The value for tThe wing
with 5:1 taper, however, was practically as hlgh as that
for the standard wing and about 14 per cent higher than
for the wing with the full-chord tip ailorons.

Rate of climb.- In order to establish a suitable cri-
terion for the effect of the wing and tho lateral control
devices on the rate of ¢limb of an airplane, the perform-
ance curves of a number of types and sgizes of alrplanes
were calculated, and thses relation of the maximum rate of
climb to the 1ift and drag curves was studied. This in-
vestigation showed that the L%D at 07, = 0.70 gave a
coneistently reliable figure of merit for this purposae,
The value of this criterion is substantially lowsr for the
wings with any of the floating tip ailerons of the pres-
ent tests than for the standard wing, the loss ranging
from a minimum of 20 per cont for the wiazg with 5:3 tapor
and. the wing with the three-section multiple tip to a max-
imum of 45 per cent for the wing with a narrow-chord ai-
leron in the forward position. Likewise, the values of
this criterion for any of the wings for this serleos are
from 4 to 34 per cent lower than that for the wing with
the full-chord floating tip ailerons,

In the above discussion tue ailerons have been con-
sidered a part of the wing proper as previously explained.
If, however, the ailerons were assumed to be solely con-
trol devices added to ths standard wing of aspect ratio 35,
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the relative values of the criterions would be considera-
ply different, The maximum 1ift in every case would then
be approximately the same as that for the standard wing
and the speed-range ratlo and the rate-of-climd eriterion
would be only slightly lower than for the standard wing,
the decrease being the resulb of the additional parasists
drag of the tip ailerons, If the tip ailorons wers con-
sidered in this way, however, the additional weight and
the additionsal span, the latter requiring greater space
for housing purposes, would be separates disadvantages not
included ln the criterion.

Laterael Controllaedbility

(Maximum Assumed Control Deflection)

Rolling criterion.,~ The rolling criterion upon which
the control effectiveness of sach of the ailsron arrange-
ments is Judged 1s a figure of merit that is designed %o
be proportional to the initial acceleration of the wing
tip, following a deflection of the aileron from neutral,
regardless of the air speed or, within reasonable limits,
of the plan form of the wing. Expressed in coefficient
form this rolling critsrion is .

Cp S b2

RC = s
° = 12 0p I S

where (C} 1s the cosfficient of rolling moment due_ to the
ailerons with respect to the body axis (vhich axis for the
wing alone is teken as the midspan chord line) and Iy 1is
the aree moment of inertia about the midspan chord lins,

A more detailed discussion of RC and the assumptions up-

on which 1t is based is given in reference 1, Part I,

The numerlcal value of this criterion that is assumocd
to represent satisfactory control conditions 1s approxi-
mately 0,075, the vaiue given by the standard allerons
with an assumed maximum doflection of I25° at an angle of
attack of 10°. None of the lowsr of the assumed maximum
deflections gave satisfactory control at all angles of at-
tack (particularly at angles of attack in the neighborhood
of 20%), but satisfactory control was approached by all of
the single ailerons with the maximum usable deflections.
Values of the criterlons are given for both dezlsctions
in Table XIV,
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At o = 0° all the .ailerons tested gave substantial-
ly greater values of RC than that considered necessary,

. At a = 10° all the ailerons gave approximately sat-
isfactory values of RC, except for the multiple tip al-
lerons with five and with three sectionss, The single ai-
lerons with the higher of the two assumed maximum deflec—
tlons 8ll gave somewhat greater than the assumed necessary
value of RC at the 10° angle of attack,

At o = 20°, which is just above the stall, all the
floating tip ailerons were found to be better than the
standard ordinary ailerons. For the single ailerons with
the lower of the two dssumed maximum deflections which
gave Just satisfactory control at an angle of attack of
10%, and also for the multiple tip ailerons, however, the
values of RC were not in any case satiasfactory at the
20° angle of attack, The largest, which was about 80 per
cent of the satisfactory value, was obtained on the wing
with 5:3 taper., With the higher of the assumed maxinmum
deflections, satisfactory values of RC were obtained at
the 20° angle of attack with the single narrow-chord ais
lerons in the foremost locatlon, and 835 per cent of the
satisfactory value with the wing having 5:3 taper. If the
aileron hinge axis were moved ahead somewhat to permit
groater deflections without flutter, it Ie possible that
satisfactory control moments at the 20° angle of aftack
counld be obtained also with the allerons on the wing with
the 5:1 taper,

At o = 30°, which is well above.the range of angles
ordinarily obtalnable in steady stalled flight, all the
floating tip ailerons tested gave reasonably satisfactory
values of RC, Ordinary ailerouns fail almost completely
at this angle of attack, _ . oL -

Lateral control with sideslip.~ If a wing ip yawed
20°, a rolling moment that tends to raise the forward tip
is set up with a magnitude that is greater at wery high
angles of attack than tane available rolling moment due
to conventional ailerons, The limiting argle of attackE —
at which the ailerons can balance the rolling noment due
to 20° yaw represents the grestest angle of attack that
can be held in an average sideslip. This =ngle is tabu-~
lated for all the allerons as a criterion of control with
sldeslip,
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The values in Table XIV show that all the singlg
floating tip ailerons tested gave control against 20
sideslip up to angles of attack from 17° to 20°, the 20°
value being the same as that for the standard ailerons.

The multiple tip ailerons with three and four sections

also gave control to about the same angle of attack as

the standard ailerons, but the filve-section multiple tip
aileron maintained control up to an angle of attack of 23°.

Yawing moment due to silerons,~ The amount and even
the direction of the yawing moment which is desirable from
ailerons does not seem to have been definitely determined
up to the present time. It was thought in the past, par-
ticularly with reference to acrobatic flying and probably
with reference to most ordinary maneuvers, that to the pi-
1ot the maneuvers would seem as if they occurred about
the airplane, or body, axzes. For a maneuverable or acro-
batic alrplane it was therefore thought that complete in-
dependente of the three asrodynamic controls about the
body axes would probably be a desirable feature., Recent
flight tests made in a control investigation that 1s stlll
under way, however, indicate that the yawing action of the
allerons as observed by the pilot is that which would be
expected from the yawlng moments occurring about the wind
axes, not those about the bedy axes. It is hoped that
the present flight investigation, in which some of the in-
teresting ailerons and spoilers developed in the present
geries of wind-tunnel tests on lateral control devices
are belng tested in regard to their operation in flight,
will give sufficient information on yawlng moments to set-
tle in large measurs the question of the amount of yawing
monment desirable for varlous flying conditlions. A% the
present time no final conclusions have been reached. Ths
indication is, however, that zero or very small yawiag mo-
ments about the wind axes are deslrable for acrobatic fly-
ing and possidbly for flying in genseral, but yawing moments
of such a sense that they tend to retard the low wing in a
tyrn definitely improve the lateral control at angles of
attack above the stall, TUntil more definite conclusions
are reached, the yawing-moment coefficient in the crite-
rion table will be, as in the previous reports of this se-
ries, glven with respect to the body axes. In all the re-
ports 1ncluding the present, however, the vyawing-moment
coefficients with respect to the wind aXes are gliven in
the detailed tables of measured data. ' —

For all the floating tip allerons the yawingemoment
coefficients about the wind a;qg were very close to zero



14 ¥.A.C.A. Technical Note ¥No, 458

at all angles of attack. In terms of the body axes the
yawlng moments were, of course, the same at the zero an-
gle of attack, but at the high angles of attack they be-
came very large in the so-called favorable sensé.

Latersl Stablility

(Controls Neutral)

Angle of attack above which antorotation i1s self-
starting.- Thils criterion 1s & measurse of the range of an-
gles of attack above which autorotation will start from
dn initial condition of practically zero rate of rotation,
In general, the angle of attack at which autorotation is
self=-starting was found to be about the same for the wingse
with floatimeg tip allsrons as for the standard wing with
ordinary ailerons. It was, however, slightly higher for
the wing with the single narrow-chord floating tip aile-
rons in both the front and rear positious.

Stability against rolling ceused by gusts.- Test
fllghts have shown that in severe guats a rolling veloclty

L]
suckh that P2 = 0.05 may bve obtained. Consequently, the
rolling moment of a wing due to rolling at this value of

%lg gives a measure of one factor affecting lateral sta-
bility characteristics in rough air, In the present case,
the angle at-which this rolling moment becomes zero is
used as a more severs criterion than the previously men-
tioned angle at which asutorotation is self-starting, to
indicate the practical upper limit of the usoful angle-of-
attack range., As in the case of the angle of attack above

which autorobtation was self-starting, the angle of insta-
1

- . b -
biiity while rdtating with %—? = 0,05 was approximately

the same for all the wings with floating tip ailerogs as
for the plain wing with standard ailerons. With 20 yaw
the wings with narrow-chord ailerons and multiple tip el-
lerons, like the standard wing. had an angle of attack for
initial instability about 7° lower tharn with o° yay. For
the wing with 5:3 taper this difference was oxnly 4 and
for the wing with 5:1 taper the angle for iniltial 1nsta—
bility was actually 1° higher with 20° yaw than with 0°
JaYe
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The above criterion shows the critical range below
which the stability i1s such that any rolling is damped
out, and above which instability exists., The last crite~
rion, maximum C), indicates the degree of this insta-
bility, All the rotation tests showed somewhat unsymmet~
rical conditions in the two directions of rotation, and
the maximum value of C) found with any angle of attack
in e%ther direction of rotation is used as the criterion.
At 0" yaw the wing with the single narrow-chord floating
tip ailerons in any of the fore—and-aft locations showed
a nuch weaker tendency to autorotate than the standard
wing with the plain allerons or the rectangular wing with
full-chord floating tip ailerons, The wing with 5:3 taper
showed about the same autorotational tendency as that with
the single narrow-chord ailerons dbut the one with 5:1 ta-
pPer and the ons with the four-section multiple tlp aile-
rons showed much stronger autorotationsl tendencies, al-
though deflinitely below that for the plain wing.

The maximum autorotational moment with 20° yaw is of
importance only in the condition in which the airplane is
skidded and the forward wing tip is rolled upward or the
rear tip downward by means of a gust. Thls autorotation~
al moment, which is large with the plain standard wing, ‘
was substantially smaller with all the floating tip alle-
rons,

1

Control Force Reguired

The control-force criterien, with which the varioua
lateral control devices are compared in regard to the con-
trol-stick force required to attain the assumed maximum
deflections, is based on a control-stick movement of i25°
.and is independent of air speed., The criterion is

F_,‘L ‘E SA\
g c 8 0 Cp \25/

CF =

where F 1is the force applied at end of control lever of
length 1 and J4/25 4is the gear ‘ratio between the aile-

ron and the control lever,

The control force required for the full-chord tip al-
lerons hinged at the 15 per cent axis location was abouib
three times as great as that required for the standard or-
dinary ailerons., It may be seen from Table XIII that the
hinge moments are from 25 to 50 per cent greater for the
15 per cent axis location than for the 20 per cent,.
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«

The control force for the single narrow-chord tip ai-
lerons with the larger of the two marimum deflections as-
sumed was found to be only about one--half as great as that
for the standard ailerons. The hinge moments were tested
for the forward locatlion oniy but it is likely that_the
values for the other locations would not be greatly dif-
ferent, The hinge moments for the multiple tip =ilerons
were not measured, but on the assumption that the hinge
moments are approximately proportional to the square of
the alleron chord, they should be somewhat lower than
those for the single narrow-chord allerons.

The control force required for the floating ailerons
on the 5:3 tapered wing was found to be approximately the
same as for the standard ordinary ailerons. It would prob-
ably not be prohibitive even if the axis were moved ahead
to the 15 per cent location definltely to avoid flutter,
Very low control forces were found for the ailerons on the
wing with 5:1 taper, the valuses being about the same as
those for ordinary type ellerons with very narrow chord,
such as the 15 per cent chord ailerons of Part I,

CONCLUSIONS -

1. The values of the maximum lift coefficient and
the speed-range ratio GLmax/CDmin obtained with the
floating tip ailerons on the wing with 5:1 taper were def-~
initely higher than the values for the bsst full-chord
floating tip allerons on a rectsngular wing and nearly ase
high as the values for the standard rectaagular wing with
Plain allerons. The values for the multliple floating tip
ailerons were lower and those for the single narrow-chord
floating tip allerons were substantially lower than the
values for the full-chord floating tip ailerons on the
rectangular wing.

2s The values of the rate-of-climb criterion for all
the floating tip ailerons of the present tests were lower
than for the full-chord floating tip ailerons on & rectan-
gular wing, which in turn is substantially lower than the
value for a plain wing with ordinary ailerone,

3, With the higher of the two maximum deflections
the floating tip allerons on the wing with 5:3 taper and
algo the single narrow-chord ailerons in the foremcost
location gave approximately satisfactory values of RC at
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all angles of attack. Values of RC .of fair magnitude
were given at all angles of attack by all the floafing
tip ailerons with all the maxinum deflections essumed,

4, None of the floating tip allerons gave adverse
yawing moments of appreciabls magnitude but all gave large
favorable values about the body axes at the high angles
of attack, The yawing moments about the wind axes were
close to zero throughout. :

5. The maximum instability in relling at angles of
attack above the stall was not as great for any of the
wings with floating tip ailerons as for the standard wing
with ordinary ailerons., None of the allerons tested, how-
ever, entirely eliminsted the asutorotational moments,

6a Some of the floating ailerons of the present
tests fluttered if given & sufficiently large deflection,
but reasonably satisfactory control could in all cases
be obtained with smaller deflections with which no flutter
occurred, Previous tesets indicate that the flutter could
in all cases be seliminated by moving the hinge axis of
the ailerons forward a slight amount.

7+« The control force reguired for the full~chord
floating tip ailerons on rectangular wings is so large
that ailerons of this nature are probably not practicable.
That regquired for the floating tip ailerons on the wing
with 5:3 taper was about the same as for the standard or-
dinery ailerons, but that required for the aileron on the
wing with 5:1 taper and for the single narroW-chord tip
allerons was much lower.

8, Considering all points, the best floating tip ai-
lerons tested are probably those on the wing with 5:1
taper and these could probably be improved somewhat by
moving the hinge axis forward 1 or 2 per cent of the chord
from the present 18 per cent location,

Langley Memorial Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 3, 1933.

anran,
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TABLE I
FOROL TESTS. 13.5 BY 40 IXON OLARK Y WIXG

WITE SYUMETRIOAL I‘LOATIIG TIP ATLXRONS 6 INOHE o BY 10 INC
AILERON AXIS 18 FER OLNT ATLERON OKORD FROM LEADING EDGE, I‘LAPS o°®
RN, = 809,000 Vslochy 80 m,p.h. Yaw = O

. Axis in wing 7.2 psr oent chord frox leadlng edge

Yol

a | B[] 0°] & }20° [24° T2e® [ 16° [2v® [ 16° [ 20° | 22° Jae® [ 30° [ 40° [ #0° | 60°
qusl Allerons floating, neutral
UpiDn
Dif~ .
fer-
enas
0% |dg |0.053/0.095(0.1400.345]0.488 [0.718 {0,808 [0.950 | 0.987]0.978 | 0.940 | 0.9810/0.8730.735 | 0.665 |0.895 |0.B54 [0.474
00 g .037| .018| .0l8| .020) .043 |' .085 | .134 | .136) .147| .167 | .16 | .21} .239( .333 | 413 | .544 | .697| .833
0° | 5,1 7.6%| B.8%| -1° |-10.6%-16.5%|-30.5% -81.5° -83°|-33,5° -23.5°] -35°| -38°[-26.6°| -3%,5°]|-45.8°] -66°| -6
Up-and-down ;
% % R IEREIEEE IE1x:
8° |Sap ~4.5° -igoso| 998 250 30080 39815059 308 | T-5%¢ | TP R
182 o .043 .040 | .039 .038 .038 | .039{ .038( .045 ( .045 | .038
18° 1gp! .003 | .003 .003 004 .ooag -005 | .004 | ~.003 |-.003
18° (6 -7 -21° | -38° -280 300 | -330) ~330 | -34° | —41° | -EO'
84° lo;! .057 .055 | .0B4 .083 .053 | .054| .o54( .064 | .087 | .037
24° S“' .001 .003 | .004 004 .004 | ,004| .004 | .Q03 | ~.003 {-.003
24° By -13° 340 | -3g° ~-31° =33% | —BEO| -37° | <400 | -4 -54°
b. Axis in wing 27.3 per cent chord from leading edge ] —
Alilerons floating, nsutral - N -
8g o, ~'8§$ o.gsg 0.310 o.ggg o.gzz o.;ga o.ggg o.gg‘s 1.223 o.ggg o.ggg o.ggo o.gsv o.gss 0.2;5 o.g‘ae o.%a .ggg
. . . . . . . . . . . . .33 . . . . .
o° gi,- 4° s8 s%s ~10° -172 -21° | -32° | -3%°{ -34° | -a38% -avg -aaz --3%g -37% 46 -555 -88°
Up-and-down ST
02t [ 1.
gg 0! 0032 .031 .goao -020 019 | 019 '838 . : .g:oLg
8° |83y -0 e8| 2P Bt 2e8 | 2| 58 8§§ ~40° | 2489
16° (o .039 .037 | .037 .038 .03 | .oze| .oz {m -934 | .o
16° |ont .003 -00% | 003 .003 .003 [ .003| .003| 005 |0 -.003
18° |5,y -11° -31° | -38° -28° -500 | -38°| -B40| -37° [ -43° | -4g°
24° {0; .057 065 | .05% .083 .06 | .os3| .080({-3551 .oes | .o35
34° |op' .001 .008 | .o004 .005 L0056 | .005] .004&| .005 | -.008 |-,004
24° |6y -13° -38% | -3;2° -33° o380 | 8370|8390 | —41° | —46° | -BE°
Rillerons fluttered alightly
c. Axis 1n wing 47.3 per cent chord from leading edge
Ailerons floating, neutral B
gg oy [-.082 o.gsg o.gag o.g;g o.gze-o.ggz. o.ggg o.ges 0.897 o.gge o.gga o.ggg o.g:g [o.szio 0.233 o.gz? 0,535 p.435
JO037! . . . . . . . . . . . . . . . 701 | 844
o° gfr a.bL 1% -4° -113 -1sg -ag° -a:g -.%gg -973 -aag -30°| -33° -zsg -4§2 —468 -57% -87°
Up-and-down -
e° [op .023 .020 | .09 | .o .18 | .o1e| .o1e({-933 | {-02% | .o12
8° |on' ] .001 | .002 .003 .003 | .003| .008( .005]0 -.003
8¢ |S;¢ —4° -30° | -a4° -28° —28° | -30°| -33%| -38° | —44° | —3°
o 038 | [.037
18° [op° .039 .037 | .037 .038 .036 | 035 .034|{-00% | {-080 | .034
18° |op! .003 .003 | .003 .004 .004 | .004( .004| .008 | 001 |-.003
18° {89 -13°| -33° | -37° ~31° =330 | ~35°| ~37°0| ~400 | -48° | -840
240 |g; .054 .0BL | .048 .048 047 | .048] .048 tggg 048 | .03
24° jop! .001 .004 | .006 .005 .005 | .006/ .005) .007 [ .00l {-.003
M° |85,y -13° -38° | -32° -34° -38° | —38°| —40°( -43° | —48%° | -53°
d. Axis in wing 87.3 per cent chord from leading edgs T
. Allerons floating, nsutral
0° | gy, |-.032]0.033|0.095|0.365/0.487 |0,755 |0.930 |0.970 | 0.954(0.980 | 0.944 | 0.893{0.845 [0.670 | 0.838 |0.583 | 0.517 bb.410
0° gp i017| .018| .018{ .081| .044 | .083 | .124 | .138) .148} .167| .183 | .216| .41 | .341 | .433 | .5652] .700| .843
0° |8,¢| 0.85°| 0.8°| 0.5°|-3,8°| -18° |-18.5°|-38.5° -886°|-28.5°| -38° | -39° | -31°| -B3° |-38.89| -43° | -50° .59 | 30
Up-and-down ) ——
.09 | [L020
8° o .020 -020 | .18 .019 .019 | .020} .o18 {.oas toas | 011
8° | oyt ] .003 | .008 .003 .002 § .003| .003( .008 |0 -.001
8° | 6,y ~8° -30° | -28° -29° -21% | -33°| -38°| -38°% | —43° | —43°
16° | og ! .037 .037 { .037 .035 036 | .035| .034(:-933 | .o33 | .o023
1689 |yt o .008 | .003 .003 .003 | .003| .004| .008 | .01 {-.003
18° | 6,y ~8° -349 | 300 -33° -34% | -38°) -38°| —42° | —46% | -48°
o 043 | [L047
2° g .05 048 | .048 .045 .ot | .oue| .oke|{:382 | [-047 | .05
24° [Cp' -] .003 | .003 .003 .003 [ .004| .004( ,008 {0 -.003
34° |6,y ~18° ~28° | 340 -38° =389 | —40°| 43| —44° | —48° | -53°
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FOROE TESTS.

TABLE II

13,6 BY 40 INOH OLARK Y WING

WITH SYMMETRICAL FLOATING TIP AILERONS 5 INOH o BY 10 INCH b

Table 3

ATLERON AXIS 18 PER OENT OF AILERON OHORD FROM LEADING EIDGE. YLAPS 0O°
R.¥. = 809,000 Veloolty = 80 m.p.h, Yaw = -30°
a., Axis ln wing 7.2 par ocent ochord from leadlng edge
w | -5° [ -2 0°] 82 20° [14° [16° | 289 | 30° | 22 [8s° | m° [ 40° | 50° | e0°
64 up|8y dn Ailerons floating, neutral
Difference |
0 oy, | 0.083]0.108|0.235/0.437|0.853|0.838 [0.905| 0.970| 1.038| 1.086(|0.800 0.740| 0.685} 0.584| 0,493
0° Cp .019| .018| .021| .041| .o7e| .118| .138( .155| .187| .243| .358( .439| .563| .677] .02
0° o' | .co0s| .o01|-.003(-.008|-.024(-.018{~.083| -.029| -.037| ~.083|-.083| -.048 | -,088| -,030| .018
00 gn' | .003| .001] .003| .003| .005( .007| .o008| .013| .oz .013| .019| .033| .018| .0R0 .ogg
o° 8,5 g° 6° | ~-1° |-8.5°%| -16°| -30°| -38°|-33.5°|-36.5° (~37.6° | -31° |-36,8° [-4E.5° |-B6.6°|-66.
Up-and-down
18° 6 .039 .033} .033| .033| .031| .030| .035| .019| .038| .020
18° On' .003 .003| .003| .003| .004| .003| .0030 0
18° Syr -10° -239| -26°| —28°| -28°| -31°] -31°} -z3°( -40°| -80°
24° o' .040 .048| .045| .045| .043| ,043| .037} .039| .035| .039
340 on' .001 .004| .004( .004| .008( .008| .004|-.001]| -.001
84° Sar -18° -35°| -389| ~-31°| -380| -38°| -37°| -37°| -—43°| -BZ°
b, Axis in wing 37.2 per cent ohord from leading edge
Ailerons flogsting, neutral
o° or | 0.033|0.137]0.340(0.488/0.876/0,838 [0.915| 0.980{ 1.039| 1.030/0.813] 0.730 | 0.838| 0.563| 0.471
0o Op .018| .o18| .031| .040| .078| .111| .133| .158| .181| .24B| .383| .439| .557| .694| .83¢
0o 6,'| .003{ .003|-.001|-.007|-.013|-.019|-.083| ~.038| -.038| ~.068|-.063| -,043| ~,033| -.018| -.0L7
00 on'| .003! .003| .008! .003| .005| .c08| .020| .0128| .on.3f .o13( .0l8| .083| .030| .03l .033
o° Sap| 89| 7| 19| -8° | -14°| -289| —23°| -34°| -a38° 6| —330| -380| -49°| -59°0| -69°
Up-and-down
18° ot .038 .oz8| .028| .oze| .o2s| .o3s| .023|{-339| {-O0l& .oz
180 Op' .003 .001| ,003| .008{ .008| .003| .,003| .003| .001|O
18° Bar ~10° -30°| -34°] -37°( -38°| -319( -23°| -349| -39°| -48°
340 o' .04t .04¢| .043| .042| .o41| .o38| .038| .o31| <-38%) .o0mL
249 On' 0 .003| .005| .0o05| .008| .006| .004| .003] .00L|O
24° Sy -1a° -26°| -31°( -34°( -38°| -37°| -37°| -37°| —43°| '-83°
c. Axis in wing 47.2 per ocent chord from leeding edge
Allerons floating, neutral '
o° 01, }-0.004|0.088|0.208]|0.448|0.879|0.845/0.918| 0.877| 1.032| 1.0288/0.797| 0.710| 0,6823| 0.587| 0.465
oo op .019| .018| .033| .041| .o78| .111| .133| .154| .189] .348| .358| .443| .56 .e3! .833
o° 6;'| .o003f0 -.003(-,009|-,015|-,031|-,038| -,030| -,038( -~.083|-.083| -,043| -,081| -.018 {::g}g
0o on' | .002| .003| .o03| .003| .c05| .007{ .020| .o13| .014! .0.L3| .01, .035| .08L| ,031{ .023
o° Sar| 6° | 4°] 1° | -e° | -14%| -18°| -339| -34°| -37°| -a3g°| -33°( -41°| -51°| -59°| -e8°
Tp-and-down
169 0! .039 .030| .ozo| .o29| .ozs| .o1s| .o39| .o18| .014| .008
18° n' -001 .003 .ooag .00 .002| .003| .003| .001| -.001 | -.003
180 AP -9 ~319| -28°| -38%| -309| -33%| -349| -35%; -40 8
342 ot .043 .044| .043| .041| .043| .038| .040| .038)| .083| .0L4
24 ' .003[ .005| .00 .00 .004| -.004f .002| O -.003
240 & -12° -988| -3981 :938| :3%8| -208| -3%8) -3%8) C_eao| Tt
d. 4xis in wing 87.3 per cent chord from leading edge
u.le.'g:ons floating, neutral -
02 o, |-0.017/0.108|0.337|0.478/0.705(0.854|0,.930| 0.9881 1.033| 1.080|0.783| 0.710| 0.615| 0,E45| 0,448
0° ¢p .019| .ois| .031| . .073| .108| .131| .163| .188| .344| .383| .447| .570| .898| .820
o° o;'| .o00L|-.003-.008|-.011|-.017]|~.082(-.035| —.033| -.038 -.ow{;‘gg{:-gﬁ -.019| -,0L7| -.015
o° on'| .003| .008| .003| .003| .005| .oo8| .o10! .013| .o24| .013| .03L( .088| .033| .031| .023
o° S| 8°} 3| 0% -8°| -13°] -17°| -19°| -33°| - ~28°| -34°| -—43°| -53°| -80°| -ee°
Up~-and-down
16° o' .028 .ozs( .oa7| .037| .om| .oz3| .ou8}{-915| {:313| .oc03
1e° ?l' o .003| .003| .003| .003| ,003| .003| .003| -.001|-.002
16° AF -7° -21°| -38°| -37°| -30°| -Em°| -33°( -36% —41°| -46°
240 oY .043 .043! .041| .042] .o040| .0385| .020 {-ggg 28| .oos
24° On' ] .003| .004| .005( .005| ,005{ .003| .00L| -.003| -.004
a° Spr | -13° -28°| -30°| -33°| -36°| -37°| -39°] -39°| -41°| -47°
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TABLE III
ROTATION TESTS. 13.5 BY 40 INCH OLARK Y WING
WITH SYMMETRIQAL FLOATING TIP AILIRONS 5 INOH ¢ BY 10 INCH b 5
AILZRON AXIS 18 PER OLNT AILERON OEORD FROM LEADING EDGE. FLAPS O

. . D (+) aiding rotation
0, is given for forced rotation at Jy = 0.05 (_; damping Tobation

R.N. = 603,000  Velooity = 80 m.p.n.
a, Axis in wing 7.3 per cent chord from leading edge
al 0] 10° | 24° | 16°| 16°] 16° [ 20° | ° [ 2a® | a4° ] 25° [ 2e® [30° | ar° [ 4o®

Allerons floating, neutral - Yaw = 0°

P

(+) : :
Rota-} G| ~0.018(~0.020 |-0.019 |-0.016(-0.005(-0.003]{-0.006] -0.004| 0.004 |~0,004| 0,005 (0,006 ]0.001 |-0.008 -0.010|

tion
(~)
Rota-(G,| -.017| -.017| -.017| -.015| -.004| -.008| -.006| -,008] ,008| -.030|-.081(-,080{-.009] -.008] ~.008
tien .

Allerons floating, nsutral - Yaw = -30°

(+)

Rotu-| 03| -.017| -.085( -.038| —.033| -.039 - 048 -.066 ~,050 -.031 -.019
tion

(<) N
Rota~{0,| -.016f -.007| -.003| .00l .008 014 .038 .036 .030 .004
tion :

b. Axis in wing 37.3 per cent chord from leading edge ‘
al 0o ] 10° [ 140 | 16° | 18° [ @00 | a0 | 220 [ 2a° | 240 [ 250 | 280 [ 300 | mme | 400
Allerons floating, neutral - TYaw = 0° : T -

(+)
Rote~|0,| -0.030|-0.031 |-0.030 |~0.015(-0,006 |-0.005| 0.002| 0.008! 0,003 [~0.004|0.005{0.008 {0.002|-0.006 {~0.009
tion
(=) o
Rgtl.— Q| =-.017( -.027| -,018| -,018| -,008{ -,008| O .00 —~.013 -.020|~,022|-,015|-.008| -.009 | -.008
tion

AMlerons floating, neutral - TYaw = -80°
(+)
Rota~(0,| =-.017| -.035{ -,038| -,030| -.0368( -.048 -.058 -, 085 -.038 -.014
tion '
(=)
Rota~{ G| =-.017] -,008| -, 004 —-.001 .003 013 .037 037 .033 .001
$ion

6. Axis in wing 47.3 per cent chord from leading edge

0° | 200 | 14° | 180 | 16° | 189 | 30° | 21° [ 33° | =z | 38° | 310 | 300 | 4o |

o
Allerons floating, neutral - Taw = 0°
(+)
Rota-~| G| -0.017(-0.018 -0.018 -0.010{ 0.008(0,010} 0,008]0.,009|0.008}0.003 {-0.007
tion :
(=)
Rote~| G| =-.018| -.017 -,018 -.008} —-,008| ,004| -.003{-,083|-.03%{-.009] -.002
tion
Allerons floating, neutral - Yaw = -30°
(+)
Rota~{ Cy| =-.018{ -.087] -.03L -.038( -.041] -.0B3 -,068 ~,060|~,043 [-,030 ] —-.01¢
tion
(-) .
Rota=-{0)| —-.0l4| -.008| -.001 .003 007 .018 043 .038| ,038| .020 003
tion
d. Axis in wing 87.3 psr cent chord from leading edge
af 0°] 10° | 24° | 16°] 18° | 18° [ 30° | m1° [ 2% [ as° | 24° [ 38° [ 370 | 30° | 40°
Allerons floating, neutral - Yaw = 0° T
(+)
R:tg- G| -0.019(-0.019 {~0.018 |-0.013 |=0.004 [-0.002]|-0.003{-0.003{0.010| 0.0068}0.001/0,008{0.010| 0.00¢ [-0.007
tion
(=) :
Rota=-{ Oz -.017| -.017( -.018| -.014| -,008| -.004{ -,006| -.004| .003| —.031{-.014]~.033]-.023| ~-.008 | -.008
Allerons floating, neutral - Yaw = -30°
(+)
z.gtl.-OA -,081| ~.,085| -.038| -,034| -.041 -, 049 -,058 -.048}~,041 | -,087 | -.008
on
(-) )
lt!gta.- G\ -.008} -.003 0028 008 .010 .03 043 .037} .038 .018 { -, 001
on
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TABLE

v

FORCE TESTS. WING WITE MULTIPLE TIP FLOATING AILEROYS

R.X, =

808, 000 Velocity = 80 m.p.h.
a. Tive tips sach end of wing

Yaw = Q

Table 4

o 2% | 00 | 5° [ 109 | 14° | 16° | 289 | 20° [ 33° | 2e° | 30° | 40° | 50° [ 80P
6a Ailerons floating, nsutral
0%i{o;, lo.071|0.a331| 0.5370.818] 0.988( 1.045 | 1.003| 0,986 | 0,903 | 0.610 | 0.833| 0.833 | 0.5910.604
o°{ep | .o28} .033] .o04s| .o7s| .107| .137| .181} .1e0| .33} .338| ,399| .538} .e87| .797
0% 6y | - -11° |-18.8°| -84°[-37,5°{~30.8° | -28°! -zs° | -37° | -37°| -309°|-—41,50 |-49.5°| -65°
Up-and-down
t 8%¢g;! .036 .030 .033 .038| .034
t 8%|op! .004 .005 .001| -.003
+ 898,y -10° -39° -41° -47.5° |-B3.8°
16910, ! .038 <063 .068 .081] .0B8
+18°%|gn! . .008 .010 -.008
16083, 20 2409 -48.8° -56°| ~820
+34%|g; ! .038 .058| .083| .084| .0656| .088| .066 | .088| .070| .088
£34°|0n! .003 .007| .o10( .010| .009| .010| .008 |0 -.003| -.011
£34° |6y -31° -539|_53.5° | -B4°| -B8O | -B57° | -80°|-64.5°|-70,.5°
i . b, Four tips each end of wing »
« 2°| | #° [20°] 1o 16° [ 18° [ mo° | ma° | 86° | 30° | a0 | s0° | 80°
8y Ailerons floating, neutral
o°|gy [0.104/0.293| 0.567[0.833| 1.030{ 1.069 | 1.053| 1,019 | 0.954 | 0.8383 | 0.847{ 0.846 | 0.63110.536
o°(op | .017{ .020| .o043| .078| .111| .133| .168| .200| .333 | .338| .411| .66L| .714| ,837
0°|8yp| 1° | -2° | -13°| -33°| -35°|-38.8° [-B1.5°| -33° |-34.5° | -35°|-36.5°| -~40°|-47.5°| -87°
Up-and-down
£10010; .030 .038 .033 .043| ,038
£10°)0n" .003 .008 .008 .003| -.003
£10°]6,p -18° ~32° -40° -47°| -B4°
+30°[0y! 043 .058 .0B3 .087| .08B8
%30°(0n* .00 .004 .0L28 .003| ~.00
230°| 63y 2308 a0 500 =598| =888
£3001 0y ! .037 .0ea] .o0éi] .os8| .os7| .048]| .050 | .085| .073| .067
£300{0p" .008 .003| ,001| .008! .004| .003| .003|-.00B| -.00L| -.007
*30°{8,p -48° -47°| -50°| -858°| -53°| -B4°| -B6° | -BYC| -88°| 7B
0. Three tipe oach end of wing
« -4.°| 0° | &° l 10° I 14° | 18° [ 18° | 30° I 33° I as° l 30° I 40° | 50° Isq°
BM;-] ] Allerons floating, neutral ’
09|06y, |o.070{0.300( 0.607{0.887| 1.083] 1.131| 1,097 1.068 | 0,880 | 0.665| 0,674 0.663 | 0.8170.539
o°jop | .017| .033| .048| .083| .131} .143| .179| .215| .349 | .363| .438( .599| .763| .899
0°[6,p| -8° | ~ -13°| -21°| -38°| -30°| -33°| -38°| -37° |-26,8°|-38.8°| -47°| -52°|65.5°
Up-and-down T
* 79(0g¢ .034 .038 .035 .087] .024
+ 70| 0, 0 0 .004 0 -.004
2 (8,5 -8° -33° -3g° -43.8°| -53°
x14°) 05 .039 .039 .040 .044| 03¢
£14%[0n! .003 .001 .005 o -.008
214°( 8, p -30° ~31° -44° -50°| -ga®
£31%[0; ! .040 .048| .047| .048| ,048| .048| ,045]| .048| .048[ .048
810} op! .006 -.003{ 0 .001| .003( ,003{ ,004{-.003| -.004| -,010
*31°[6,p -33° -36°| -41°] 44| -47°| -48°| -B1°| -B3°| -54°| -61°
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TABIE ¥
FOROL TESTS. WING WITH MULTIPLE TIP FLOATING AILERO
R.¥. = 809,000 Veloolty = 80 m.p,h. Yaw =
&, Five tips aaoh snd of wing

o 0] o] o°o] & [ 20°] 242 [ 269 [ 28° [a0° | 220 [ ae® | 20° [ 400 | s0° | 0°
6s Alleron floating, neutral
02 [0, ~0.011 | 0,810 | 0.488 | 0.721| 0.880 |0.988| 0,993 |1.000 | 0.288| 0.731] 0.888| 0.834| 0.597| 0.538
o2|0p .030| .022| .030| .087| .00 | .113| .133 | .188 | .215| ,347| .420] .B47| .693} .830
83"1: =:004 | -.008 } -.008 --01l} -.018 |-.033| -.033 -.048 | -.06E | -.073 .gss --038 -.ggg -.038
n . . - - . . » . . . . . .
0°|6,p -4.53 -38 -14° —zo°-:u..¢sZ -28° -aasg -33° | -35,.8° -osgg -43.% -4323 53,50 |-58.5°
Up-and-down .
1342 [0, 1 .039 .0ss| .oss! .os5{ .os¢| .081| .00} .os0f .os8| .040
e 24° gn' -.ooag .007| .001 | .00L| © .004 | .00Z| .008 og% -,
424°|5sr =20, ~430 (43,89 | ¢ -49° 150.8° | -53.8° [-58.5C |-80,5° [-87,
b. Tour tips saoh end of wing
o -5 | | ] & [ 100] 1° [ 18] 10° [ a® | 22° [ 280 [ 3° | 4o® | s0° [ &0
84 Allerons floating, neutral
ooy, |-0.08% 0.235} 0.803 | 0.744{ 0.807 [ 0.975| 1.016 [1.034| 1.038| 0,783 0.701} 0.651{ 0.815] 0.5858
0°cp | .034 .022| .o%@| .oss{ .oes| .118| .13¢| .175| .223| .360| .423| .s88| .728| .84
ggo,,: -.%4 5+008 | -.008 | -.011 | -.017 -.031| -.033|-.045| -.084| -.078) -.085| -.033| -.031} -.033
0°|6yr 5 25016788 | o208 -aa°%8 |9a 80 | —aaed Laa el | 988\ 839 us"B| sa B0 989|.s878t
Up-and-down
w3000, 1 .049 .064] .084: .082| .084| .083} .058| .050| .0B1| .04t
*"’°°8 18 .008| .03 | -.002| -.003 | -.003 | -.003| -.003| ~.004| -.008
$20°| Ba® ~440| 449 | 4B°| 480 | -4 g0 | lsz0| Zlmeo| -evo
Thres tips each end of wing
o - | |0°L5°|o°|14°[1e°| 26° | 20° | a3° | 3s° | 30° | 4c° | 800 [ e0®
8, Ailerons floating, nsutral
0olcy, | 0.008 0.285( 0.537 0.785( o.984 | 1,007| 1.088[ 1.078| 1.078| 0.797| 0.739| 0.880} 0.838| 0.58:
olop | .020 -028| .041| .073| .103| ,134| ~.146| .183| “.338| .374| .453] .m=00! .788| .89
8381: -.004 =907 -.008 | ~.015| -.019 | -.028 | -.038 | -.0B3 | -.088) -.080| -.080 --038| -.033| -.033
So|8arl &0 397 |aa%68 |o0te8| o8| oGR8 -GPSR -GR8| SR GiF| 3% SR -
Up-and-down
£31°( 6, 1 ABS 435 .043| .046| .048| .048| .045| .043] .oz8| .028
+320| 0p! -008 -.003| -.008 | -.008| -.00% | -.003| -.00%| -.00| ~.004| -.00¢
+31°| ogp -89 - ~380 | ~38°| 400| 4 45| 480 Zso°| -ga°

TABLE VI
ROTATION TESTS8. WING WITH MULTIPLE TIP rl.gu:m ALILERQ]

).1-]
Oy is glven for foroed rotation a¥ B = 0.05 "'g ‘1! “Eg;;g::t:gn

R.X. = 808,000 Yeloolsy = €0 m.p.h.
. nvo tips each end of wing
@ ] 0o 20| 1o [ 2e° [ 16° [ 20° | m® [ 22 | @s® | 24°] 26 | a6® | 30° [ 4o°
Ailerons floating, neutral Yaw = 0° .
(+) Rotation|G, |-0.013|-0.017}-0.013|-0.023|-0.004] 0.001] 0.017 | 0.009 -0.008 -0.008 {~0.006
(<) Fotation[0a | -.018| -.080| -.000| -.007| -.002{{":038| .003| -.008 -.007 -.008| ~.007
Ailerons floating, neutrsl Yaw = ~-20°
i+ Rotation|oa | -.016| -.0%3[ —.038} -.043| -.083] -.082 -.068 | -0.083 | -.ce1 -0.086| ~.080] -.036
Rotation|C | -.015| -.004| .003] .007| .017] .03t 1088 | °:088 | 0%k 053] .03s| .oas
b. TFour tips each end of wing
« | 0] 10°] 14°] 18° [ 18° [ 20° | 81° [ a8° | 28° | as® [28° | 20 | 30° | ac®
Allerons floating, neutral Yaw = 0° . _ _ '
(+) Rotation|x | -0.018{-0.018|-0,081]-0.017 [-0.008] o. oa1 0.022} 0.033 | O I-.005 ~0.007 {~0.007
. - _ _ _ . w003 | _ _
(-) Rotation|0y | -.017| -.015| -.018| -.013| -.005|{~:338| .oo? {__056 .003 -.008 .004| —.004
AMlerons floating, neutral Yaw = -30°
i+} Rotation|O» | ~.033| —.0%4| -.038{ -.045( -,085] -.088 -.088 | -.068 | -.086-.083 -.0831 -.0%0
~) Rotation|oy | ~.008| 0 .007{ .o11]| .oz3| .03 080 | w080 | .os8| .089 -043| oz9

0. Three tips each end of wing

« | @] | e 160 16°] 50° | a1° | a3 | 2° | 24° [a® | 36° | %° | 4

Allerons floating, nsutral Yaw = 0°

(+) Rotation|O, | -0.016(-0.018{-0.016|-0,013{-0,005] 0.017| 0.014 | 0.006 ~0.007 -0.005 [-0.008
(-) Botation|0 | -.030| -.033] -.030| -.007| -.012/{":§88] .004| -.001 -.003 -.007} -.007

Allerons floating, neutrel Yew = -20°

Rotation -.033| -.033{ -.038] -.048| -.084| -.08 - . -, - - -
() Botettoniar | —.cas| -.gsaf -.oms] - oes]-.ceal 068 -8 |-0.010 | -.c08 58| -2
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TABLE VII
YOROE ‘!.'ISTB. 5:3 TAPERED WING 10 INOE AVERAGE o BY 80 INO
WITH OLARE Y KAIN PROTILE AND STMMETRICAL FLOATING TIP LIL!ROI! 38 5 PER OENT b/2
AXIS 18 PER mr OF SEOTION OHORDS FROK LEADING EDGE.

Tables 7, 8, 9 & 10

R.N. = 809,000 Yelocity = 80 m.p.h. Yaw = O
« -5°|-3°|0°|5°|10°|13°114°l15°|1e°|17°|13°|ao° a® | as° | 50° | 40° | 60° | 600
b4 up ba Ailerons floating, nsutral
[ o, |0.094(0.195 o.gg{. o.gzg o.ggg o.gg% 1{115’ 1’&? 1.223 1.2882 °'§§ﬂ3 o.g;g o.ggg o.sgi o.gg: o.'g;gg o.agl
0 .020| .018( . . . . . . . . . . . . . . .
0° 2,- 14°] 10°{ -89} -10°|-12.59}~13.5° -168°| -A79| -179|-17.8°| -18°]| -16°| -33%} —37°[%-380 |£480 [2530
and—-down
13° ot .03? .038| .0238].038 .08? .038| .023( .024] .035f .083| .018
13° on' og% .001 '0033 -001 <00L [+) -.001 {~.003 (-~.00F |~.004(-.005
13° Sar - -19°) -33°|-a4 -24 —34%| -349] 889 -36°| 34O —44
%0 o .050 .08 .os0].045 .048 <0481 .o43| .044| .044| .039| .028
24° Cn* 0 .003{ .003}.003 .008 00210 -.00% [-,005{-,008{-.007
240 Sar -13° -86%| -379|-8g° -5° -33°%| ~33°( -34°| -=99| —430| -E3°
330 0! .084 .083] .063(.080 .058 .054| .088| .051| .058) .OB1] .037
330 On' -.001 .003| .003(.003 0032 .002[-,001 (-,003 (-, 008}-,008|-.007
33° Bar -15° -37°| -30°|-33° -34° Z389| —379| —40°| 40| 4a°| —53°
8jilerons fluttered slightly
TABLE VIII N o
FOROE TESTS. 5:3 TAPERED WING 10 INCH AVIRAGE o BY 60 INGH
WITH OLARK Y MAIN PROFILE AND SYMMETRIOAL FLOATING TIP uuno:s 83.5 !;ER OCRT 'b/3.
ATIS 18 PER OENT OF SEGTIOF OHORDS FROM LIADING EDGE.
R.N, = 609,000 Talooity = 80 w.p,h. Yaw = -ao° :
3 © [ [ @1 &° [10°] 19 [14° | 16° | 16° | 505 | 28° | a5° [ 50° | 40° | 66° | 66° | I
6y up §; dn Allerons floating, neutral
TERQ8
oL [0.083]0.088/0.2837]0. m 0.780| 0.889}.950(1,005]1,045[1,048 | 0,790/0.73¢/0.710[0.650|0.803|0.506
®© Op | .018| .0168] .031 .070 .084(.099| .118( .141| .185 | .298| .228] .412| .B47| .e9Y| .737
o° oy | .007} .0023| .00L -.ooa -.004| -.008(-,009)-.0168{~-,038{-,083 | -,058(~,056¢|-.040}~.017{~.014|-.0LS
o° On'} .00L| .001| .008] .003 | .004| .004{.008| .c08| .008| .011 [ .0l5] .031| .024) .033{ .026| .o3s
o° Spf 119 3°] 49| -9° | 149 -189|-179| -199| -300| -23° | -280] -380|8.340|8_480 |8 pe0|0_300
. Up—and-down R -
240 0! 048 .041] .03 b b .034 .041 | .030] .o37| .017] .014
24° On' -.001 [+ -.001} b b |-.001{-.003 {0 =008 =001} -, 004
240 bar -11° -23% 289 b b -31°| -31° | -33°] .35°| -239°| -48°
329, ot .053 » D |b » .048| ,048 | .034| .035| .033| .028
39" on' -.003 b b b o -.003 | -.005|~.008]-.003|-.008|-
33° By -14° o b b b | 9] -38° | -36°| —37°| -38°| -48°
84llerons fluttered slightly
Allerons fluttersd violently; impossible to resd balancas.
TABLE IX
ROTATION TESTS. 5 3 TAPERED WING 10 INGE AVERAGE ¢ BY 60 INOH b
WITE CLARK Y MAIN PROFILE AND SYMMETRIOAL FLOATING TIP mmon 23.5 FIR OLNT b/2
AXIS 18 FXR CENT OF GECTION omnns FROM T? a:.cu _
ng rotatlion
C) 1is given for forced rotation.at = 0.08 tawping rotation
R.X. = 809,000 Teloul.ty = 80 m.p.h.
< ] 0] 13° [14° | 15° | 18° [ 27° 1a°|19°l:o°|31°|gg°|aa° as° | 30° [ 26° [ 40° |
L Allerons floati asul; Yaw = O
mg:%ion 0, |-0.021{-0.018 -0.008/0.003}0.008]0.008 0.008{-0.004 |-0.011 [-0.008 -0.007
mﬁ;Zm Or | -0.018f -.016 | -.010|-.003] .c03| .003 .001| -.004| -.008| —.008 -.005
Allerons floating, neutral Yaw = =207
Ro,(;:%,_m 0, | ~.038| -,033(-.038 -. 045 -.059|-.068 |~.041 |-, 048 -.088| -,088| -.0%3|-.033] -.0a7
mg;z“n 0, | -.011]| -.001| .008 014 .038| .039| .055| .054 .047] .043| .034] 018 .013
FOROE TLSTS. 6:1 TAPELRED r:m 1o INGE AVERAGE ¢ BY 80 INCH b
¥ITH OLARK Y MAIX PROFILE AND GYMMETRIOAL FLOATING TIP AILEROXB 38,38 rgn CEXT b/3
AXIS IS FLR OLXT OF SKOTION CHORDS FROX LEADING EDGX. FLAPS O
R.N. = 809,000 Yelooity = 80 m.p.h. Yaw = 0°
= Ednul-s°l-4.°|-a°lo°l5°|1o°l1a°|14°[15°l:.a°lao°laa°las°|so°|4o°lso°leo° ]
4 up by
Ditteren Allerons floating, neutral
0° Op {-0.018{0.0470.088|0.338 (0.82€ |0.815)0.935]|1.0381.120 [1.183]1.087 [0.858 [0. 733 0.8685 |0 818 0. 584 ] . 502
0° op -018| .015| .018] .020| .o41f .077 «094[ .114 .133| .154| .193] .225| .348| .408| .537] .es0{.833
o° 64 4 3 3°] 4° | 9° | -14°]| -18°| -18°| -20°] Z30°] ~32°| 84O ~27°| _330| 43°] ~53°|_8z0
Up—and-down . e
10° o .0a3 .0a3] .oa1] .oz .om0] .o18] .20 {_gfgm .01s] .08
10° On' . 4} 0 ] 0 .001| .00; -.oo - ~.003]{-,002}
10° By -103 -17°| -18%| -30°| -:n°| -3 -aa% _223 ] -Qgg
300 o' .040 .039{ .032| .o38| .o037| .038( .038 .oaz .031] .034] .034
20° On' .003 .003} .003| .003| .c03| .003| .001|0 ,001| =, 008 ~,002
a0° 8y -180 -23°{ -35°| -38°! -28°| -29°| -319| -33°| —379| ~48°| -;1°
280 o .054 .083| .053] .o4s] .ca8( .047 {;g‘% o45({- %3 o3| 033
2g° Cn' .00 .004! .004| .004| ,004&( .004| .00Z| .001|-.003{-,003}-.003
280 S, -15° -28°( -30°| -33%| -38°| -37°| —39°| ~2s°| —41°| -48°| -55°
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TABLE II
TOROE TEST8, B5:1 TAPERED WING 10 INOH AVIRAGE o BY 60 INCH b
WITH CLARK Y MAIN PROFILE AND GYMMETRIOAL FLOATIXG TIP AII:I‘.RO 8 38,33 PSR CEXT b/3
AXI8 18 PIR CENT OF SEOTION CHORDS FROM LEADING EDGE. TFLAPS -

R.X. = 809,000 Veloocity = 80 m.p.h. Yaw = -20°

« l -5° l -z l o°| 8° [10°J1a°| 14°| 18° 1a°|ao° |aa°]as° |30° |4o°1 500 Ieo°
SA u-pIS‘ Allerons floating, nsutral B '
TNnge
“8 o1, |-0.031] 0.078 | 0.214]0.464 |0.715[0.818] 0.508 0990 1.088{1.116 [1.088!1,0480.883 | 0.631 | 0.568 |0.482
o° op | .o17| .o18! .oz .039| .070| .08B| .101 .143| .175| .383] .339| .400 | .534 | .888| .814
o° ;'] -.008| .003)-.008)-.011)-.017|-.018] -.081 -oas -.038~.037 |-.081|-.084 |-.035 | -,028 | -,035|-,033
0° 9a'| .003| .003| .002| .003| .004| .00B| .008 ogg .010| .o10( .o00¢| .011| .018 | .018 | .032] .035
o° Bar| ¢ -2° | -3° | -8° | -13°| -28°|-15.8°-17 -80°%| ~33°| -36°| ~37°| —330 | ~44° | -E5°| -84°
Up-and-down
a0° 0! .031 .031| .03 .030| .030| .039| .019| .037| .086] .084 | .OL7 *
a0° On' 001 .008| .003| .00 .oo7g .003| .003( .004| .00z| .00 | .001
a0° 5‘-!' ~10° -31°| -33°| -3 -2 =399 -31°| -38°} -3 -41° | 49
280 o .043 L0L3] .043| .043 a a | .030| .034| .035]| .033 | .034
28° ' .00, .003] .00 .004 af|" a| .003]. .002| .003 |0
28° el b1 28| 308 8| a | v 308 -308| -398| 008 %o
8Allerons fluttered violently; impomsible to read balances. B
TABLE XII
ROTATION n‘.srs 5:1 TAPERED WING 10 INOH AVERAGE o BY €0 INGH b
WITH OLARK Y MAIN PROFILE AND SYMUETRIOAL FLOATING TIP AILERONS 38, 33 mg CEXY b/3
AXIS 18 m CLNT OF SCCTION OBORDS FROM LI:ADII? EDGE.
'D + aidl.ns rota.ﬂ.on
0, is given for forced rotation at = 0,06 hd ; ing rotation
R.¥, = 808,000 Valocity = 80 m.p.h.
J @] o0°] 22°] 26° [ 17° [18° [26° | 800 | 10 [230 | as0 [ 340 [ ae0 [ 280 [ 300 | w0 |
Allerons floating, neutral Yaw = 0°
{+) ox | -0.018 |-0.017(-0.004]0.008|0.011 [0.027 | 0.028 | 0.033 0.018 0.004 (0,001 |-0.004 |-0,008
Rotation
P.o%;%ion 05| ~-.0L4| -.013| -,005| .003} ,008| 008 | ,008 | .00E -, 003 .006| .008| -,003| -.004
Allerons floating, nsutral Yaw = -20° N
(+) - - - - - - - - - » - - -
Rotiticn | O | —-018| -.018| -.018-.020|-.033 .030 | ~.038 |-, 008 ~.02¢ |-, 001}-.004 020 —.o011
(- on| -.011| -.010} -.,008|-.003] .008 .019 | .025| .032| .0z8 | .004| 004 .008 | —,001
Rotation

TABLE XIII
HINGE MOMENTS COLFFICIENTS (Of) T
- OLARK Y WINGS WITE N.A.C.A. 0010 FLOATING TIP AILERONS

o o° 10° 20° [ 3a° -
6Ar [a. Tip sligrons 100 per cent o by 20 per gent b/3 .
Flaps 8. l’o end plates
15 per cent axis
+10° 0.0068 0.0108 0,0098 0.0077
+30° L0173 .0336 0380 .0l88
30 pexr cent axls
£10° .0038 .0070 .0084 .0054
*30° L0118 .0189 .0199 .0138

b. Harrow chord tip silerons. Aileron axis 18 per cent chord
from L.E. of aileron and 7.3 per cent ohord from L.E. of wing

z 40 L0018 .0014 .0020 .0012

= g° 0028 Q030 0031 .0033

413° 0080 0043 . 0047 .0038

o. B:3 Tapered wing. Alleron axis 18 per cent o from L.E,

+ 89 .0010 .0030 .0043 .0038

£12° .0038 .0068 .0083 .0072

416 .0089 0099 .0131 .0108
&, &:1 Tapsred wing. Aileron axis 18 par cent o from L.L, 7 -
% 8° .0014 0030 .0030 0014

£10° .0028 0037 .0037 .0038

*140 .0035 +O0B0 L0081 0041
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L MTQNL

TANIE ITV
ORITERTONS AROWTHG EELATIVE MERTTH OF ATLERORS
o [Harrow ohord mymmsdy ﬂ.o-.ung #ip allarcay 40 por comk of B3 taperod wing |Bs1 upnred wing
3.5 "g' wio w|busio wing n’nnrll. 53 r oant b/3. :I'l.q:l D! lopund nltbu “Hor“ -ﬂ.ﬂ.p'.l.n *p [vit l:ﬂnul with :r
5 ad aga | A8atleron axis 18 per o n! zilexon ¢ from motr ﬂung;
"%"!i ipﬂnﬁgﬁ m 9.3 Axis 29.8 Axin 47.3 inis 67,2 5 4ipa | 4 upuummo b4 “m
] oo [ per 4 7.8 pexr ] Der s 87,2 por bl ] 3
‘..P-:E E..gﬁ,."a of basla | oent of basle | camt of basio |oont of bmalo | esch o..E‘ .o u porsglm b/ngrsa B "'“.n"
snor e 3891 |18, M8 R st | Y oona” | yig o em Ivhe ooemn” (ondor| sntor fenfor (map b, | ritge B, o
o ng edge ng ng oN,
o gﬁi‘%ﬁ SuERES 18 par oomt Bomt axis |oemt axis
Stand- | Fioating 1 il Tlo Float~ | Float- [Flowt- Tloat Flaatd
g | e W, B e | @ e | e he ing-4a0| Lag 00| ing 20| 30 | ns
] up jetos 18 per Aiffer~ ﬂ.‘l.ftu‘- 24 ffer-| 211 far- 1S for-] differ-|diffor—]|drlfor-|diTfar- dlfler for~| diffar | d1ffar- | dilfox~ | alffar-
a5° 4n |cent axis Bn06 anps anoe enm o "os engn onos anos enos on08 moe mhe snoe
Wing aran oar .
Fing 1 OLanx 1,270 1.118 o.%e? | 0,967 | 1,008 | 1,008 | 0.997 | 0.99% | O.804 | O.904 | 1.045 | 1,089 | 1.1 | 3,220 | 1.180 | 1.183 | 1.183
Spend Tengo g By = 0° ™A 88,0 e8,3 | 82,5 | es,8| es2 | e62.3] 61.3 | 60.6 | 60.8| BO.Y | B4B | B4.E | an.3 83.2 ™.B 7.8
Rato of olimb | o7, o“."ro 18.0 13,3 8.7 8.7 B8 8,0 8,8 0.2 8.5 .6 11| me| wWT| 1a7 18.9 1.4 11.4
RO o = 09 304 288 ae | ,aas | .am| (o8| .3m| e8| 23| .avA| .18 .14 | .co4 282 .08 .B7L 3
Labersl B0 a ~10° OTe .0828 v.am | e | .ors| o9 | .0v5( 003 | .ors| 087 | . 2000 | .064| ‘o | .0e0 | .073 | .08B
ity | RO a=a0? 058 o3 |-oss | .om | oss| .ora| .oes| Lo | oms| .oms| om| Lo | owe |{®080 |{* |\ .om |{":082
70 o =30° .t o002 |-.0ea | 208 {55 .o {';3}# .02 {.;3% Wt wo| g | ;| om | em [v-.om | Loe
Lakorsl Maxism d ot which
b A oo - 2° x° 90| me| we| w0 we| | wo| w| | mo| w| | w0 | W ®
shdaallp v N
- - - L] » L] L3 L] - - . » L] o
P 007 : N Gl e Bl Bl 1 e e ot Bl I Ml I el [
Towlng mowoniks - - 004 009 | 012 ] .00 | .o13 olc| 13| .oom| 000 | %018 | .024 | S.008 R
o ke, | 0o’ o= 10° -.004 ” p = - - - - > - < « a5 | .or3 o .008 013
H -f.'m];]‘f o' o= WP ot 037 06 | .oz | .oav o0r| os] .01 | o8| .32 foso| .019 0% o8 o4 | o
- 1a - - - - - - - - - - - it il p 080
ot a= =P oba | 07 | o em g = teE| TN o TS| o | w0 | oo | o
‘@ for imltial inate . -
hilizy 4 rolling 18° 150 2o | we ] M| Pwo| Lio| 0 | me| me| a®| wo| s | 1 170 190 150
a for inivlal losia
-gdalla" wt D'D/EV =
Lakarsl . L]
Yaxr = e 189 -4 a2° n° oo w®° we a? ne 20° 1w 169 18° 18°
Y Tarmm?| 200 10° 1w | 18| w0 w0 | wme| wme| we| we| we| 10| me| w0 | we | w | 1@
Rxd xow nestable O,
st p'hf3¥ = 005 .
Taw = 0O 048 018 Low| o0 000 ,00( 00| .o00| .m2| .008| .17 | .038 | .mr7 .o10 .010 .08Y .07
Taw = ®0° 093 083 .osa | .o | ,o37| .os7| .oax’| 042 | .OKB | .O4F | .065 | .060 056 . ] .03
Sontrollabdlisy |OF a= 02 017 .08 .003 | D08 018 .018 008 .003
WIS a= 100 008 ] .00 | 008 008 007 008 .003
Ocmtrol feros |OF o= 300 L008 018 .00 | .00 007 008 002 003
Tequirsd or aw=30° .007 1.0 001 | .0O% . ,020 003 003
ngymmotrical stalling of the sing made 1% possible £o obbain #wo talanoe resdings, Tha lower is usad in ths Adscusslon.
b,0,d,0,1,Crnere the maxizm yawing .u-nt o0 balow mxima daflection ¥he ars indioxte $ha daflsotion of ths up ailsron ws
follows:s b = E9, o= 89, f-m“ FL

Dpatation in positive Areoklos galy at o~ 19° 'No sotation in sLther dirsction sk o = M° to 33°. Motadon molf-siariing
in bosh direckione mk d =

ipotution in pomitive ﬂi.sootl.un nm:l.r #% o= 15% lo rotation in eltbar direstion at o= 90°. Roistion self-ssariing in both
directions at o= A

I4hase values of OF sre for aileross with flaps 0° Tt &t Ls believed shat flaps deflacked will nod sppreaclably affeck $he hinge moments.
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N.A.C.A. Technical Note Wo. 458 Fig. 2
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a, 1.990"
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Figure 2. Multiple

tip float-
ing ailerons. 5 tips
each end.
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Note. x indlicates
aileron axis
locations.

a, 1.990"
b, 2.015"

Figure 4. Multiple

tip float-
ing eilerons. & %tips
each end.
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Figure 7. Variation of rolling moment coefficient with aileron
deflection for the narrow-chord tip ailerons, o = 10°
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Figure 9. Variation of rolling moment coefficient with aileron
o doflection for the tip ailerons on the tapered wings,
a = 10



